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Abstract
Objectives: To describe the first outbreak of Candida auris in Brazil, including epide-
miological, clinical and microbiological data.
Methods: After the first Candida auris- colonised patient was diagnosed in a COVID- 19 
ICU at a hospital in Salvador, Brazil, a multidisciplinary team conducted a local C. auris 
prevalence investigation. Screening cultures for C. auris were collected from patients, 
healthcare workers and inanimate surfaces. Risk factors for C. auris colonisation were 
evaluated, and the fungemia episodes that occurred after the investigation were also 
analysed and described. Antifungal susceptibility of the C. auris isolates was deter-
mined, and they were genotyped with microsatellite analysis.
Results: Among body swabs collected from 47 patients, eight (n = 8/47, 17%) samples 
from the axillae were positive for C. auris. Among samples collected from inanimate 
surfaces, digital thermometers had the highest rate of positive cultures (n = 8/47, 
17%). Antifungal susceptibility testing showed MICs of 0.5 to 1 mg/L for AMB, 0.03 
to 0.06 mg/L for voriconazole, 2 to 4 mg/L for fluconazole and 0.03 to 0.06 mg/L for 
anidulafungin. Microsatellite analysis revealed that all C. auris isolates belong to the 
South Asian clade (Clade I) and had different genotypes. In multivariate analysis, hav-
ing a colonised digital thermometer was the only independent risk factor associated 
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1  |  INTRODUC TION

In the last decade, we have witnessed the emergence and world-
wide nosocomial spread of the new human opportunistic pathogen 
Candida auris.1,2 Outbreaks of hospital- acquired infections and the 
potential of C. auris to develop multidrug resistance have alarmed 
the medical and scientific communities.3 Previous C. auris- free hos-
pitals now have this yeast among the leading agents of bloodstream 
infections.4– 6

During the ongoing COVID- 19 pandemic, the overwhelmed in-
tensive care units (ICUs) have been a fertile ground for the emer-
gence and spread of C. auris.7– 9 Until end of 2020, C. auris was not 
reported in Brazil10 but recently we reported the first two patients 
that had been hospitalised due to severe COVID- 19.11 After being 
notified by the local hospital infection control team (HICT), the 
Brazilian Ministry of Health and the National Sanitary Surveillance 
Agency (NSSA) set in place a task force to map and control a possible 
outbreak.

Based on published guidelines12– 14 and on previous reported ex-
periences,15– 17 an intervention took place, including cohorting and 
collection of surveillance cultures of potential C. auris- colonised 
patients. Details about the cross- sectional investigation of the first 
outbreak of C. auris in Brazil and the fungemia episodes that oc-
curred after the investigation are described.

2  |  MATERIAL AND METHODS

2.1  |  Settings and definitions

The outbreak took place in a 330- bed hospital in Salvador, Bahia, 
Brazil. The hospital has three intensive care units (ICUs) with a 
total of 66 beds for critically ill patients. The hospital has an ad-
ditional 63 semi- intensive care unit (SICU) and 201 ward beds. 
In March 2020, when the SARS- CoV- 2 pandemic began in Brazil, 
one of the three ICUs with 20 beds were allocated to patients 
with severe COVID- 19. On December 2, 2020, the first Candida 
auris- colonised patient was diagnosed at the hospital.11 The pa-
tient had spent 38 days at the COVID- 19 ICU, and after a negative 

nasopharyngeal PCR for SARS- CoV- 2, was transferred to one of 
the three SICU.

The cross- sectional investigation took place on December 16, 
2020. All patients were or had been hospitalised at the COVID- 19 
ICU, as well as their close contacts (defined as patients that were 
hospitalised at the same unit and attended by the same healthcare 
worker team) were considered potential C. auris- colonised patients 
and were investigated. Fungemia episodes that occurred after the 
investigation were also analysed.

Since no invasive procedures were required for the inves-
tigation and due to the urgent sanitary relevance, the Brazilian 
Ministry of Health and the institutional review board waved pa-
tients’ and healthcare workers’ consent to carry on the study. 
Patient and healthcare worker anonymity was assured during this 
investigation.

2.2  |  Screening cultures for Candida auris of 
patients and healthcare workers

Candida auris screening cultures with sterile swabs (one per site, pre-
moistened with sterile saline) were used to collect samples from the 
following sites of the suspected colonised patients: axillae, groins, 
ears, nostrils and pressure ulcers when present. Additionally, health-
care workers underwent a visual inspection of their hands, and skin 
or trophic nail lesions were also swabbed. After sampling, the swabs 
were immediately inoculated in 15- ml conical tubes (one swab per 
tube), containing Sabouraud dextrose broth (SDA) enriched with 
10% NaCl, and shipped to the laboratory to be incubated at 40°C 
for 7 days. Tubes were checked every 24 h for yeast growth, and 
positive samples were plated on chromogenic agar (CHROMagar™ 
Candida, DIFCO) that were incubated for 24– 48 h at 37°C.

2.3  |  Environmental screening

Samples were collected with 3M sponge- sticks (Fisher Scientific, 
Pittsburg, Pennsylvania) as recommended.12,18 The environment 
from the index case and from the potential C. auris- colonised 

with C. auris colonisation. Three episodes of C. auris fungemia occurred after the 
investigation, with 30- day attributable mortality of 33.3%.
Conclusions: Emergence of C. auris in Salvador, Brazil, may be related to local C. auris 
clade I closely related genotypes. Contaminated axillary monitoring thermometers 
may facilitate the dissemination of C. auris reinforcing the concept that these reus-
able devices should be carefully cleaned with an effective disinfectant or replaced by 
other temperature monitoring methods.

K E Y W O R D S
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patients at the ICUs or SICUs had an initial visual inspection, and 
the high- touch inanimate sites were selected to be sampled (one 
sponge stick per site): bed rails; mechanical ventilators, vital signs 
monitors and intravenous infusion pumps (composite sample); re-
usable digital thermometers (inside plastic recipient on the wall); 
and tray tables. Additional areas in the vicinity of the patients, 
including faucets, sinks, computer keyboards (protected with 
plastic film) and mouse, ultrasound probes and hand sanitiser 
wall dispensers were also sampled. Immediately after sampling, 
the sponge- sticks were put into sterile plastic bags, sealed and 
shipped to the laboratory. In the laboratory, the sponge- sticks 
were inserted into 50- ml conical tubes (one sponge- sticks per 
tube) containing SDB with 10% NaCl and incubated at 40°C for 
7 days. Tubes were checked every 24 h for yeast growth, and 
positive samples were plated on chromogenic agar (CHROMagar™ 
Candida) and incubated at 37°C for 24– 48 h.

2.4  |  Blood, urine and central venous catheter 
tip cultures

Clinical cultures were collected from patients during sepsis inves-
tigation. Blood cultures were carried out with BacT/ALERT aerobic 
bottles (bioMérieux, Marcy- l’Etoile, France) and incubated in the 
automated BacT/ALERT 3D system (bioMérieux) at 35°C. Central 
venous catheter tip (CVC- tip) samples and positive blood culture 
samples were inoculated on blood sheep agar that were incubated 
for 24– 48 h at 37°C. Urine cultures were plated on chromogenic 
medium for urinary samples and incubated 24– 48 h at 37°C.

2.5  |  Species identification

Yeast colonies from blood cultures, CVC- tip or urinary samples were 
initially identified by the Vitek 2 system (YST cards, bioMérieux). 
Clinical isolates with C. auris identified by the Vitek 2 system (bioMé-
rieux), and yeasts recovered from screening cultures were identified 
by MALDI- TOF mass spectrometry (VitekMS, bioMérieux, Marcy- 
l’Etoile, France). Final species characterisation was carried out by ITS 
rDNA sequencing analysis.19 All sequences were deposited and are 
available at GenBank (Supplementary Material, https://www.ncbi.
nlm.nih.gov/genba nk/).

2.6  |  Antifungal susceptibility testing

The in vitro activity of amphotericin B (AMB, Sigma- Aldrich, Saint 
Louis, MO, USA), fluconazole (Sigma- Aldrich), voriconazole (Sigma- 
Aldrich) and anidulafungin (Sigma- Aldrich) against the C. auris iso-
lates was evaluated by the CLSI broth microdilution reference 
method.20 Plates were incubated at 37°C and minimal inhibitory 
concentrations (MICs) were read after 24 h.

2.7  |  Microsatellite typing

To investigate the clonality between the clinical and environmen-
tal C. auris isolates, microsatellite typing with four multiplex PCR 
reactions was (M2, M3- I, M3- II, M9) performed as previously de-
scribed.21 A selection of clinical and environmental Brazilian iso-
lates, and representative strains from other countries were analysed. 
UPGMA dendrogram of short tandem repeats (STR) genotypes was 
constructed with the software BioNumerics, version 7.6.1 (Applied 
Maths NV- bioMérieux, Sint- Martens- Latem, Belgium).

2.8  |  Epidemiological Investigation and 
statistical analyses

The investigators filled a form for all cases with clinical samples posi-
tive for C. auris and for all potentially colonised patients. The form 
required information regarding demographics; comorbidities and 
baseline diseases, including COVID- 19 diagnosis; associated condi-
tions including invasive medical procedures; and previous exposure 
to antimicrobials, corticosteroids or antifungals. These data were 
further combined with the screening cultures results, and the pa-
tients were than finally classified as C. auris colonised (case) or non- 
colonised (controls). Cases with missing clinical or microbiologic data 
were excluded.

To describe the potential risk factors for C. auris colonisation, 
data comparisons between the colonised vs non- colonised patients 
were carried out with SPSS software v.22 (IBM, Armonk, NY, USA). 
Categorical variables were expressed as percentage and continuous 
variables as median ±standard deviation (SD). Differences between 
the groups were evaluated with Chi- squared test, Fisher's exact test 
or the Mann- Whitney U test. Variables associated with p values < .3 
on univariate basis were introduced into the multivariate model. 
Two- tailed p values < .05 were considered statistically significant.

To describe the bloodstream infection episodes, data regarding 
CVC removal, antifungal treatment, and 30- day outcomes were also 
collected. The doctor in charge of the patient was asked to classify 
the patient's death as attributable or non- attributable to the C. auris 
fungemia episode.

3  |  RESULTS

A total of 66 potentially C. auris- colonised patients were identified, 
not including the first case of C. auris in that hospital (CVC- tip cul-
ture), and another patient who died after having a C. auris- positive 
urine culture was not eligible for culture screening evaluation. A total 
of 200 superficial body swabs were collected from 47 ICU/SICUs 
patients (first colonised patient and 46 potential colonised patients), 
generating eight (n = 8/47, 17%), five (5/47, 10.6%), three (3/47, 
6.4%) and two (2/47, 4.3%) C. auris- positive samples from the axil-
lae, groins, nostrils and ears, respectively. All nine samples collected 

https://www.ncbi.nlm.nih.gov/genbank/
https://www.ncbi.nlm.nih.gov/genbank/
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from pressure ulcers were C. auris- negative. Three- hundred and one 
healthcare workers had visual inspection of their hands, and five had 
skin or trophic nail lesions. None of these five healthcare workers 
had positive cultures for C. auris.

The environmental investigation led to the collection of 204 
samples from the ICU/SICUs. Among the samples collected from in-
animate surfaces, the digital thermometers had the highest rate of 
positive cultures (8/47, 17%), followed by bed rails (7/47, 14.9%), vital 
signs monitors/intravenous infusion pumps (5/47, 10.6%) and tray ta-
bles (5/47, 10.6%). Twelve samples collected from either the faucets, 
sinks, computer keyboards and mouse, ultrasound probes or hand 
sanitiser wall dispensers were negative for C. auris. Of note, one pa-
tient with an axillae positive sample had negative cultures from the 
surrounding inanimate surfaces, and two individual ICU rooms had 
positive cultures from the environment but the surveillance cultures 
from the patients were negative. Figure 1 summarises the results of 
the patients’ and environmental cultures from the ICUs and SICUs. 
The remaining 20 potentially colonised patients from the wards had 
negative axillae, groins, nostrils and ear swab cultures. From the 66 
potentially colonised patients, eight (12.1%) were confirmed to carry 

C. auris. The clinical, epidemiological and microbiological details 
about the C. auris- colonised patients are provided in Table 1.

Antifungal susceptibility testing of 45 C. auris isolates (two clin-
ical, 18 body swabs and 25 environmental swab cultures) revealed 
MICs of 0.5 to 1 mg/L for AMB, 0.03 to 0.06 mg/L for voriconazole, 
2– 4 mg/L for fluconazole and 0.03– 0.06 mg/L for anidulafungin.

Microsatellite analysis, which included 18 strains representing 
the different C. auris clades and six Brazilian representatives (strain 
L1537, patient A, CVC- tip; strain L1686, patient B, CVC- tip; strain 
L1687, bed rail room patient B; strain L1688, vital signs monitors 
and intravenous infusion pumps room patient B; strain L1689, digital 
thermometer, patient B; strain L1685, patient C, blood culture) re-
vealed that all C. auris isolates belong to the South Asian clade (Clade 
I). Of note, Brazilian clinical and environmental strains were genet-
ically closely related but belonged to three distinct STR genotypes. 
Strains from patient A and patient C had identical STR profiles, while 
the environmental strains close to patient B showed two distinct 
genotypes (Figure 2).

Investigation of risk factors associated with C. auris carriage 
were carried out with 9 of the 10 confirmed cases (one case was 

F I G U R E  1  Illustration of results of Candida auris screening cultures among patients and different inanimate surfaces
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excluded because screening cultures were not collected) and 11 C. 
auris- negative controls that had detailed clinical and microbiological 
data available. The median ages of the colonised and non- colonised 
patients were 64 and 71 years, respectively. Most of the patients 
were male (89% colonised vs 73% non- colonised), and 44% of the 
colonised and 64% of non- colonised patients were admitted to the 
COVID- 19 ICU due to acute respiratory distress syndrome related 
to SARS- CoV- 2 infection at admission. Overall, colonised and non- 
colonised patients had similar exposure to invasive procedures, an-
timicrobials, antifungals and corticosteroids (Table 2). In multivariate 
analysis, having a positive digital thermometer culture was the only 
independent risk factor associated with C. auris colonisation.

Three patients had bloodstream infections by C. auris between 
December 12, 2020, and February 20, 2021. All patients died in the 
30- day follow up period after the infection. In one case, the death 
was attributed to the fungemia episode. Details about these three 
fungemia episodes are provided in Table 3.

4  |  DISCUSSION

This investigation that took place few days after the identification 
of the first C. auris- colonised patient in Brazil involved a multidis-
ciplinary team, supported by hospital infection control profession-
als, local and federal health agents, and researchers. The screening 
cultures helped to map additional C. auris- colonised patients that 
were isolated and put in contact precautions. These measures, 
along with the substitution of disinfection products based on qua-
ternary ammonium by sodium hypochlorite and hydrogen peroxide- 
based disinfectants,22 and replacement of all digital thermometers 
by infrared ones were instituted. Despite all these measures, the 
outbreak was not controlled, and additional screening cultures are 

under evaluation. Due to the rise of COVID- 19 cases in Brazil and 
in Salvador noticed last February and March 2021, new ICU beds 
were opened at the hospital, and these patients are being closely 
monitored for new C. auris infections by the local HICT and by the 
Brazilian NSSA.

In this study, most of the patients found to be colonised with 
C. auris had positive axillae swab cultures. The other investigated 
sites showed lower positivity rates and no additional cases would 
have been missed if they were not performed. Surprisingly, we ex-
pected more groin- positive samples since some reports showed 
similar positivity rates of swabs from that body region when com-
pared to axilla swab cultures.16,20 This particular finding may be 
related to the high culture- positivity rate found for the digital 
thermometers. Moreover, microsatellite analysis showed that clin-
ical and thermometer strains were genetically related. Although 
not evaluated in this study, these colonised digital thermometers 
may have helped to produce a higher fungal burden at the axillae 
of these patients. Indeed, axillary temperature monitoring with 
reusable probes was an independent risk factor for C. auris col-
onisation in a UK outbreak.17 Therefore, hospital epidemiologists 
and infection control professionals have to be aware that axillary 
temperature monitoring with insufficiently disinfected reusable 
probes or digital thermometers may facilitate the dissemination 
of C. auris in hospital settings. Before recognition of this outbreak, 
the digital thermometers were disinfected with quaternary ammo-
nium compounds, which are most likely insufficient for the elimina-
tion of C. auris biofilms.22,23 More stringent disinfection methods 
may be an alternative for the thermometer's replacement.24 In ad-
dition to positive cultures of the digital thermometers, more than 
10% of the bed railing and tray table samples were positive for C. 
auris, confirming that C. auris is able to persist on different inan-
imate surfaces in the patients’ vicinities. Our findings are similar 

F I G U R E  2  Short tandem repeat 
(STR) typing of Candida auris isolates 
from Brazil. UPGMA dendrogram of six 
Brazilian isolates and representative 
isolates from South Asian clade and other 
four clades is shown. Patient identification 
number of Brazilian isolates is indicated. 
The scale in the upper left corner 
represents similarity (%)
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of those found in New York state hospitals, where 12 to 21% of 
the environmental screening cultures were positive for C. auris.25 
The widespread presence of C. auris in the patient´s vicinities, in-
cluding highly manipulated regions, facilitates the occurrence of 
missing hand disinfection opportunities and contributes to the 
horizontal transmission of this pathogen. In the context of the 
COVID- 19 pandemic, one may expect an increase in C. auris infec-
tions around the world. Overwhelmed ICUs with a scenario of me-
chanically ventilated patients and with other invasive procedures, 
high antimicrobial and antifungal selective pressure, and reuse of 
personal protective equipment due to shortages, may lead to the 

selection and horizontal transmission of C. auris. In USA, India, 
Mexico, Italy, Lebanon and now in Brazil, outbreaks of C. auris col-
onisation/infection are being reported in COVID- 19 ICUs.7– 9,26,27

Outbreaks of C. auris are usually associated with fluconazole 
resistance, with at least more than 10% of the isolates considered 
AMB resistant.15,17,28,29 In contrast, all forty- five strains we analysed 
had low AMB, fluconazole and anidulafungin MICs. We previously 
reported that the first strain had wildtype ERG11 and FKS1 DNA 
sequences.11 Although not evaluated in this study, we assume that 
all isolates lack the ERG11 and FKS1 hotspot mutations due to the 
persistent low azole and anidulafungin MICs. These peculiar findings 

TA B L E  2  Univariate and multivariate analysis of potential risk factors associated with Candida auris colonisation

Condition Colonised (n = 9)
Non- colonised 
(n = 11)

Univariate analysis, 
p- value

Multivariate analysis, 
p- value (OR, CI 95%)

Age, median (interquartile interval –  IQI) 64 (IQI = 61– 76) 71 (IQI = 59– 80) .370

Gender, male

Yes 8 8 .37

No 1 3

COVID- 19 ICU hospitalisation

Yes 4 7 .653

No 5 4

Antimicrobial exposure

Yes 9 10 1

No 0 1

Antifungal exposure

Yes 5 4 .653

No 4 7

Corticosteroid exposure

Yes 8 10 1

No 1 1

Central venous catheter

Yes 7 10 1

No 2 1

Urinary catheter

Yes 6 10 .285 .748 (0.59, 0.02– 13.8)

No 3 1

Tracheostomy

Yes 4 6 1

No 5 5

Haemodialysis

Yes 3 3 1

No 6 8

Previous surgery

Yes 1 3 .591

No 8 8

Colonised axillar digital thermometer

Yes 6 1 .017 .032 (17.1, 1.27– 231.7)

No 3 10

Values in bold were considered statistically significant.
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support the hypothesis that C. auris was recently introduced into the 
Brazilian hospital environment and antifungal exposure over that 
short period of time was not sufficient to induce resistance.

Despite the short period between the first diagnosis and the 
cross- sectional interventional investigation, genetic diversity was 
already noticed among the Brazilian C. auris isolates. Similarly, the 
investigation carried out in the United Kingdom revealed that 22% 
of the patients had mixed C. auris genotypes colonisation/infection 
at their first positive culture result.17 These findings should warrant 
clinical microbiologists that mixed populations may be common 
among C. auris- positive cultures, and antifungal susceptibility testing 
should be carried from different colony morphologies or subpopu-
lations. Despite the good in vitro antifungal activity, 1 log MIC value 
differences were noted for some subpopulations from the same iso-
late of our cohort.

Previous empiric use of antifungals, including fluconazole, ex-
posure to corticosteroids, tracheostomy and haemodialysis, were 
highly prevalent among C. auris- colonised and non- colonised pa-
tients. The only independent risk factor for C. auris colonisation in 
this study was the axillary temperature monitoring with contami-
nated reusable digital thermometers. These findings may be related 
to the use of quaternary ammonium disinfection,22 and most pa-
tients hospitalised during the outbreak were admitted due to severe 
COVID- 19 and had a similar clinical course.

Finally, as previously reported, bloodstream infections by C. auris 
occurred in patients with severe baseline underlying diseases after 
long periods of hospital admission and exposure to antimicrobials, 

central venous catheterisation and mechanical ventilation.30– 33 In 
this scenario, the high crude mortality is multifactorial and not only 
attributed to C. auris infection.34

In conclusion, it is intriguing that the Brazilian C. auris cluster 
is completely different from the predominant clusters already de-
scribed in Venezuela, Colombia and Panama.18,35,36 The emergence 
of a multi- susceptible strain of C. auris in Salvador, Brazil, may be 
related to local C. auris clade I closely related genotypes. The out-
break related to C. auris isolates with low MICs is unusual, but an-
tifungal susceptibility vigilance is required due to the high potential 
of antifungal resistance development of this species. Contaminated 
axillary monitoring thermometers may facilitate the dissemination of 
C. auris reinforcing the concept that these reusable devices should 
be carefully cleaned with an effective disinfectant or replaced by 
other temperature monitoring methods, mainly in locations where 
C. auris is emerging.

ACKNOWLEDG MENTS
This study was supported by Fundação de Amparo à Pesquisa do 
Estado de São Paulo (FAPESP): 2017/02203- 7. JNAJ has received a 
scholarship grant (FAPESP 2018/19347- 4). We would like to thank 
Adriana L. Motta from Hospital das Clínicas de São Paulo for its 
technical assistance.

CONFLIC T OF INTERE S T
ALC received educational grants from Eurofarma, Pfizer, Gilead 
Sciences, United Medical (Brazil), Knight, TEVA. The remaining 
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Motive of Hospital Admission Severe COVID- 19 Upper gastrointestinal 
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Diabetes mellitus, chronic 
renal failure, obesity

Hypertension, diabetes mellitus, 
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Previous infection by MDR bacteria Yes Yes No

Previous antifungal exposure Yes Yes No
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mechanical ventilation, 
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Central venous catheter, 
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Central venous catheter, 
mechanical ventilation
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Death attributed to fungemia No No Yes

Abbreviation: MDR, multidrug- resistant bacteria, including carbapenem- resistant Gram- negative rods and vancomycin- resistant enterococci.
aPreviously reported case.11
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APPENDIX 1
Members of the Candida auris Brazilian Study Group

Larissa M. Favarello (Disciplina de Infectologia; Escola Paulista 
de Medicina, Universidade Federal de São Paulo; São Paulo, 
Brazil), Soraia L. Lima (Disciplina de Infectologia; Escola Paulista 
de Medicina, Universidade Federal de São Paulo; São Paulo, 
Brazil), Ricardo Lima (Disciplina de Infectologia; Escola Paulista 
de Medicina, Universidade Federal de São Paulo; São Paulo, 
Brazil), Ismaiane Oliveira Miranda (Central Laboratory Division, 
Hospital das Clínicas da Faculdade de Medicina da Universidade 
de São Paulo, São Paulo, Brazil), Tamara L. de Jesus Lopes 
(Central Laboratory Division, Hospital das Clínicas da Faculdade 
de Medicina da Universidade de São Paulo, São Paulo, Brazil), 
Danniely C. Soares da Silva (Comissão de Controle de Infecção 

Hospitalar, Hospital de Bahia, Salvador, Brazil), Lilian Nobre de 
Moura (Comissão de Controle de Infecção Hospitalar, Hospital 
de Bahia, Salvador, Brazil), Laísse C. Ribeiro (Laboratório Central 
de Saúde Pública Professor Gonçalo Muniz, Salvador, Brazil), 
Antonio Carlos de Albuquerque Bandeira (Superintendência de 
Vigilância e Proteção da Saúde, Secretaria de Saúde do Estado da 
Bahia, Salvador, Brazil), Talita Moreira Urpia (Superintendência de 
Vigilância e Proteção da Saúde, Secretaria de Saúde do Estado da 
Bahia, Salvador, Brazil), Mara Rubia Gonçalves (Brazilian Health 
Regulatory Agency, Ministério da Saúde, Brasília, Brazil), Theun 
de Groot (Department of Medical Microbiology and Infectious 
Diseases, ECMM Center of Excellence for Medical Mycology, 
6532 SZ Nijmegen, The Netherlands).


